In liver disease, the hepatic artery resistive index while fasting is higher, and there is less postprandial increase than in healthy subjects. The liver is one of the many organs that may be affected by endothelial dysfunction, vasospasm and ischemia that occur in pre-eclampsia. We report ten cases with hepatic artery resistive index (RI) variations in normotensive and hypertensive pregnant women. There was an increase in the RI in normotensive women and a reduction in hypertensive women after a mixed meal and an increase in the RI of more than 10% among normotensive women who ingested glucose. It is feasible to use any of the solutions during pregnancy. However, the 75 g glucose solution has greater potential for clinical application because it is routinely used in the prenatal period to screen for gestational diabetes. The incorporation of Doppler velocimetry of the hepatic artery in prenatal care, combined with screening for diabetes mellitus, would provide a low-cost alternative for predicting the unfavorable progression of hypertension, which would be especially valuable in places with limited resources. New studies may confirm the hypothesis raised in this case report that, as occurs in other causes of liver disease, a lower variation in the postprandial RI is associated with a higher probability of an unfavorable pregnancy outcome in hypertensive patients.
Introduction
Hypertensive disorders lead to complications in 5-10% of pregnancies worldwide. Although pre-eclampsia and eclampsia are associated with an increased risk of complications, any type of hypertension during pregnancy can result in increased maternal and perinatal morbidity and mortality [1] . The liver is one of the many organs that may be affected by endothelial dysfunction, vasospasm and ischemia that occur in pre-eclampsia. The liver receives oxygen via two pathways: 50% through the portal vein and 50% through the hepatic artery. The portal vein receives blood from the abdominal portion of the digestive tract, including the gallbladder, pancreas and spleen. Portal venous flow increases physiologically after a meal and is reduced when fasting, after physical exercise and under pathological conditions. The hepatic artery is able to compensate for changes in portal venous flow, increasing or decreasing its own flow, a mechanism known as the 'hepatic arterial buffer response'. The purpose of this mechanism is to reduce the impact of portal flow variations on liver function [2] . After a meal, when there is an increase in portal venous flow, there is decrease in flow and increase in resistance in the hepatic artery [3] [4] [5] . The effect of a meal on portal circulation can be observed indirectly through studies on superior mesenteric artery flow before and after meals. A study on the effect of different types of foods on the mesenteric circulation in healthy individuals concluded that the ingestion of a mixed meal (carbohydrates, proteins and fats; 300 ml, 355 kcal) was associated with a greater increase in postprandial flow, while ingestion of 300 ml of carbohydrates (355 kcal) was associated with an earlier and lower increase [6] .
Another study that compared the superior mesenteric artery flow variation in healthy individuals after the intake of isocaloric and isovolemic solutions of carbohydrates, fats, and proteins (400 ml, 400 kcal) concluded that the magnitude of the response to the different meal types was similar but that the maximum responses were reached earlier with carbohydrates than with proteins or fats [3]. Among resistance measurements, the RI is the most used for analysis of the hepatic artery and is calculated from the spectral Doppler waveform using the equation RI = (PSV-EDV)/PSV, where PSV corresponds to the peak systolic velocity and EDV to the end-diastolic velocity. The hepatic artery at rest is a vessel with a low RI, ranging from 0.55 to 0.81 [7] . These values are the same as those observed in healthy pregnant women [8] [9] [10] . Studies conducted in nonpregnant women that compared the hepatic artery RI before and after a meal in healthy individuals with liver disease showed that the greater the severity of the disease was, the higher the RI during fasting and the lower the postprandial variation [11] . Individuals with liver disease had a higher fasting RI than did healthy individuals. However, there was an overlap of the RI values for the two groups, which limits the application of absolute values for clinical decision-making and, hence, emphasizes the importance of analyzing pre-and postprandial variations [12] .
Case Description
Aiming to assess the fasting hepatic artery RI and the postprandial variation in normotensive and hypertensive pregnant women, we report here a series of ten cases. The study was approved by the Research Ethics Committee of the University Hospital of Fluminense Federal University, Rio de Janeiro, Brazil, and the patients signed informed consent forms. The inclusion criteria were pregnant women with singleton pregnancy, between 24 and 34 gestational weeks, nonsmokers, with a body mass index lower than 30 kg/m 2 , normotensive, with chronic hypertension or pre-eclampsia.
The hepatic artery RI was measured at two time-points: when fasting and 30 minutes after a meal. Two groups were formed according to the order of inclusion in the case report. The first five participants ingested 200 ml of a mixed solution containing 62.5 g/l protein, 202 g/l carbohydrate and 49.2 g/l lipid, and the five subsequent participants ingested 300 ml of a solution containing 75 grams of glucose. The common hepatic artery was accessed with the transducer placed in the subxiphoid position, close to its origin at the coeliac trunk, with the participants in a supine position. For each subject, the averages of three measurements of the vessel were considered, before and after the meal.
All tests were performed by the same sonographer using a 2-5.2 MHz Voluson S6 convex transducer (GE Healthcare).
The results of the hepatic artery RI measurements before and after meals are summarized in Table 1 . We observed that after ingestion of the mixed solution, the RI increased in normotensive pregnant women and decreased in hypertensive women. Among the cases that ingested the glucose solution, we observed an increase in the RI; this increase was greater than 10% among the normotensive women. 
Case

Discussion
There are no published studies on pre-and postprandial variations in the hepatic artery RI in pregnant women. The study of hepatic circulation seems to have the potential to contribute to the monitoring of hypertensive pregnant women, according to studies correlating the reduction in fasting hepatic flow with pre-eclampsia and HELLP (hemolysis, elevated liver enzymes and low platelet) syndrome [13, 14] . One study compared the pulsatility index (PI) of the common hepatic artery during fasting in three groups: healthy pregnant women, pregnant women with preeclampsia and pregnant women with HELLP syndrome. The PI was significantly higher in the groups with preeclampsia and HELLP syndrome than in the group of healthy pregnant women [9] . The evaluation of pre-and postprandial RI variations could help identify pregnant women at higher risk of developing severe forms of hypertensive disease, which would allow the establishment of different protocols for follow-up. There are studies on the correlation between demographic and pregnancy characteristics (such as gestational age), signs and symptoms of pre-eclampsia, blood pressure levels, laboratory tests and biomarkers for predicting adverse maternal outcomes in hypertension. However, the available studies are not conclusive, and there is a lack of indicators that can predict the progression to severe forms of the disease [15] . The study of these ten cases showed pre-and postprandial variation in the hepatic artery RI, both with the ingestion of a mixed meal and glucose. It is feasible to use any of the solutions during pregnancy; however, the 75 g glucose solution has greater potential for clinical application because it is routinely used in the prenatal period to screen for gestational diabetes. Ultrasonography is a noninvasive method routinely used in prenatal care. The examination technique used in this case series has shown good intra-and interobserver reproducibility [16] . The incorporation of Doppler velocimetry of the hepatic artery in prenatal care, combined with screening for diabetes mellitus, would provide a low-cost alternative for predicting the unfavorable progression of hypertension, which would be especially valuable in places with limited financial resources. New studies may confirm the hypothesis raised in this case series that, as occurs in other causes of liver disease, a lower variation in the postprandial RI is associated with a higher probability of an unfavorable pregnancy outcome in hypertensive patients.
